Background: Although collaborative care programs are effective in improving late-life depression, only about half of treated patients achieve clinically meaningful improvement. Thus, we need to examine what characteristics may predict poor late-life depression course. Despite the robust evidence for the negative association between the quality of couple relationships and depression outcomes, few studies have examined these associations in the context of long-term late-life depression course. Aim: The objective of this study is to examine the relations between the severity of couple conflict, receiving collaborative depression care program, and 24-months depression outcomes. Methods: Study sample comprised 840 depressed older adults subsample from the improving mood, promoting access to collaborative treatment for late-life depression trial (IMPACT). Depression and couple conflict were assessed at baseline, 12-month, and 24-month follow-up. Descriptive statistics and multivariate regression analyses were performed to examine mean 24-month depression-free days (DFD) and the marginal effects of receiving IMAPCT program over usual care among participants with varying degrees of 24-month couple conflict. Results: Compared with those who never endorsed frequent couple conflict over the three observation points, those who did twice had 63 fewer DFD (p = 0.01), and those who did three times experienced 148 fewer DFD (p < 0.001). Although the marginal effects of receiving IMPACT program over usual care was greater in overall sample, it was not statistically significant among those who endorsed frequent conflict at two or three times. Conclusion: Frequent couple conflict is associated with worse long-term late-life depression outcomes among the patients in primary care clinics.
Introduction
Depression is a serious public health problem among older adults, and individuals with depression have greater disability-adjusted life years (DALY) than those without (Murray and Lopez, 1997) . DALY is defined as the sum of years of potential life lost because of premature mortality and the years of productive life lost because of disability. It is well established that collaborative care programs in primary care clinics are effective in improving the outcomes associated with late-life depression (Unützer et al., 2002; Bruce et al., The relation between the quality of couple relationships and depression appears to be bidirectional. Robust evidence suggests that social support may buffer individuals from detrimental effects of life stressors (Kamp Dush et al., 2008; Warner and Kelley-Moore, 2012) , decrease the risks for depression (Lee et al., 1996; Martire and Schulz, 2007) and depression relapse (George et al., 1989) , increase adherence to depression treatment (Smith et al., 2003; Voils et al., 2005) , and improves treatment outcomes (Billings and Moos, 1985; Berkman et al., 2003) . Studies have shown depressive symptoms are significantly less prevalent among married or partnered older adults than among never married, divorced, or widowed counterparts (Brown et al., 2005; Choi and Ha, 2011) . Spousal supports play important roles in a person's mental and physical health (Institute of Medicine, 2001) , and depression can damage these relationships. Negative emotional experiences, such as arguing or being angry at spouse/partner, can increase the risk for and the severity of depression (Jacobson et al., 1989) . On the other hand, depression can increase couple conflict, make individuals perceive the quality of relationship with spouse more negatively, and decrease an individual's ability to resolve conflict effectively.
A person's illness and disability may impact older couples more severely than their younger counterparts. Several theoretical frameworks have been presented. First, because the couple relationship becomes more salient to individuals later in life (Carstensen et al., 1995) , a person's illness or relational distress may impact older adults' emotional health more than younger adults (Bookwala and Franks, 2005; Umberson et al., 2006) . Studies have shown a clear connection between poor couple relationship and depression in later life (Choi and Marks, 2008; Wang et al., 2014) . Second, as an individual ages, one's biological vulnerability increases. Thus, the intersection between the psychosocial risk factor, such as couple conflict, and biological vulnerability may create a cumulative effect on individualhealth and couple-health (Crystal and Shea, 1990) .
Unfortunately, little information is available to conclude if couple conflict has a negative impact on longterm late-life depression outcomes. Few randomized clinical trials on depression treatment collected data on the quality of couple relationship in older adult samples, barring us from examining the effects of couple conflict on depression outcomes. Understanding the association between couple distress on depression outcomes, however, may help us to identify predictors of poor depression outcomes among older adult patients and to formulate strategies to improve quality of care for older adults with depression. This paper fills this gap by reporting the self-rated couple conflict in cohort of older adults with depression from the improving mood, promoting access to collaborative treatment for late-life depression trial (IMPACT) study, a large trial of collaborative care for late-life depression (Unützer et al., 2002) . We tested following two hypotheses: (1) the severity of couple conflict over 24-months would be negatively associated with the 24-month depression-free days (DFD) and (2) receiving IMPACT program would be associated with greater 24-month DFD to usual care.
Methods
The data were derived from the IMPACT study, which compared depression care outcomes between the IM-PACT collaborative care program with usual primary care. Participants were recruited from seven study sites in five states, representing eight health care organizations and 18 primary care clinics. Patients were randomly assigned to the IMPACT intervention (n = 906) or to usual care (n = 895). IMPACT intervention was delivered by depression care managers who were supervised by a psychiatrist and a primary care physician. These care managers offered education, care management, and support of depression treatment. Two depression treatments were offered: antidepressant management by the patient's primary care physician or problem solving treatment in primary care, a brief psychotherapy for depression. Intervention patients had access to an IMPACT care manager for up to 12 months. Usual care patients could use any primary care or specialty mental health services available for them in usual care. After 12 months, all study participants continued with their regular primary care providers as usual. Informed consent was obtained from all participants and the study protocols were approved by the institutional review boards at participating sites and the study coordination center. Rates of item-level missing data at baseline were less than 2% for all variables discussed in this article. Because this was less than the recommended 5% for imputation (Tabachnick and Fidell, 2001) , cases with missing values were not included in the analyses, resulting in a slightly reduced number of observations included in the final analyses. Details of design, protocol, and outcomes have been published elsewhere (Unutzer et al., 2001; Unützer et al., 2002) .
Older adults with severe cognitive impairment, active substance abuse or suicidality, severe mental illness, and current treatment from a psychiatrist were excluded from the study. For the current analyses, we used a subsample of 840 depressed older adults who are cohabiting with their spouse or partner at baseline. Among them, 807 were married or partnered, and 33 were separated or divorced.
Measures
Depression-free days is a summary measure of the severity of depressive symptoms over a period of time (Mallick et al., 2003; Vannoy et al., 2010) . In this study, depression severity was measured at baseline, 3, 6, 12, 18, and 24 months using the 20 depression items of the Hopkins symptom checklist (HSCL-20) (Derogatis et al., 1974) . We calculated the number of DFD over the 24-month study period based on the HSCL-20 scores following the procedure described by Simon et al., (Simon et al., 2002) Thompson et al., (Thompson et al., 2008) and Vannoy et al. (Vannoy et al., 2010) . First, using HSCL-20 scores from two consecutive outcome assessments (e.g. baseline and 3 moths follow-up), we estimated depression severity for each day during the interval by linear interpolation. Days with an HSCL-90 depression score of 0.50 or less are considered 'depression free.' On days with an HSCL-90 depression score of 2.00 or higher, the patient is considered 'fully symptomatic.' Days with intermediate severity scores are assigned a value between depression free and fully symptomatic by linear interpolation. For example, days with an SCL-90 score of 1.25 would be considered 50% depression free. Then, values for each follow-up interval are then summed to generate the 24-month DFDs.
Couple conflict was derived based on the question 'Over the past 2 weeks, have you been angry or argued with your spouse or partner?' The possible scores ranged from not at all (0), occasionally (1), half the time (2), most of the time (3), and all the time (4). We used the data collected at baseline, 12 and 24 months. To generate the 24-month couple conflict, we first created a binary variable using cut-point of 2 (half the time) because occasional couple conflict is expected in couples' relationship. Then, we counted the number of times when a respondent indicated having been angry or argued with spouse or partner more than half the time at baseline, 12-month, and 24-month. The possible scores of 24-month couple conflict, hence, ranged between 0 and 3. The greater score indicated increasing degree of perceived couple conflict.
Having a confidante was derived based on the yes/no question 'do you have a confidante, someone you can talk with, who is a source of support?' Sharing housework responsibility was derived based on the question 'over the past 2 weeks, have you and your spouse or partner shared the responsibility of practical matters that have arisen such as household chores or financial matters?' The possible scores ranged from not at all (0), occasionally (1), half the time (2), most of the time (3), and all the time (4). We generated a binary variable using cut-point of 2 (half the time).
Data analysis
All analyses were performed with Stata MP version 12. Descriptive statistics, t-tests and chi square tests were used to examine the sample distribution. Previous publications have already demonstrated that there were no significant differences in demographic, socioeconomical, and clinical characteristics between these two groups (Unützer et al., 2002) .
To examine the association between 24-month couple conflict and DFD (Hypothesis 1), we used multivariate linear regression models with DFD as a dependent variable, adjusted for covariates specified a priori. Using F-test, we tested if there are differences in mean DFD over the 24-month observation period among patients who reported no couple conflict at any of the three survey periods (baseline, 12-months, and 24-months) compared with those who reported couple conflict at one, two, or all three of the surveys.
To examine if receiving IMPACT program would be associated with shorter DFD given same level of couple conflict (Hypothesis 2), we added interaction term between intervention status (IMPACT vs. usual care) and 24-month couple conflict to the multivariate linear regression model mentioned earlier. Based on this regression model, we estimated and compared the marginal effects of two hypothetical conditions (1) when all study sample received IMPACT program and (2) when all study sample received usual care, adjusted for all covariates. Table 1 summarizes the distribution of demographic, family, and clinical characteristics by baseline couple conflict. Majority of sample were married (n = 809) and only 3% (n = 26) were not married but cohabiting at baseline. The majority of study sample reported having shared household work with spouse more than half the time over the past 2 weeks and having confidante (67.02% vs. 71.16%, respectively). Greater proportion of sample that shared household less than half the time reported frequent couple conflict, compared with their counterparts (28.52% vs. 16.70; p < 0.001). And greater proportion of sample without confidante reported frequent couple conflict than those with confidante (27.27% vs. 17.92 p = 0.002). Compared with non-Hispanic White, greater proportion of minority older adults (Black, Hispanic, and others) reported frequent couple conflict (18.69% vs. 28.31%; p = 0.006). The average number of DFD over 24 months for total sample was 332.2 days (SE ± 7.54). Those with frequent couple conflict had fewer DFD compared to those with low couple conflict (290.45 ± 15.92 vs. 343.07 ± 8.51; p = 0.005). Figure 1 illustrates DFD by couple conflict at baseline and over the 24-month study period with 95% confidence interval (CI). We observed linear trends between DFD and martial conflict measured at baseline and over 24-month period. Although the majority of the sample (58.59%) never endorsed having frequent conflict, approximately 5% of sample endorsed frequent couple conflict at baseline, 12, and 24 months. Another 10% of the sample endorsed having frequent conflict twice out of three surveys over the 24-month observation period. Figure 2 presents a graphic representation of the interaction between 24-month couple conflict and receiving IMPACT program. The marginal effect of receiving IMPACT program was consistently greater than receiving usual care across the varying degrees of couple conflict. Among those who endorsed frequent couple conflict never or once at three observation points, the marginal effect of receiving IMPACT program over usual care increased the DFD (329.82 vs. 431.34; 302.50 vs. 412.57 ) and these differences were statistically significant (p < 0.001). Among those who endorsed frequent couple conflict twice and three times, receiving IMPACT program increased the DFD (293.54 vs. 349.79; 163.02 vs. 317.50) , however, these were not statistically significant and 95% CI was wider. IMPACT, Improving Mood, Promoting Access to Collaborative Treatment for late-life depression trial; HSCL, Hopkins symptom checklist.
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Discussion
The major finding of this study is that frequent couple conflict was associated with poor long-term late-life depression outcomes. This burden of couple conflict on long-term depression outcomes persisted in both IMPACT group and the usual primary care group. This finding is consistent with the literature that negative couple experience is unfavorable to the depression outcomes in older adults (Choi and Marks, 2008) . This is potentially important because even the most effective evidence-base late-life depression care in primary clinics achieves significant response in only about 50% of those treated. It is possible that closer attention to high couple conflict and addressing such conflict as part of treating older adults with depression might further improve the depression outcomes in both primary care clinics with or without collaborative care program. Couple conflict is modifiable even in later life, and it may be important to identify those who have severe couple conflict and help them improve the quality of couple relationship or ameliorate the negative impact of couple conflict on depression as an important part of treatment. Our secondary finding is that individuals who received IMPACT program had consistently greater DFD across the varying degrees of couple conflict. Although, those who endorsed frequent couple conflict two and three times, the 95% CI for point estimate of marginal affect of receiving IMPACT program over usual care was wide was not statistically significant.
This may be due to the fact that only small number of older adults reported frequent couple conflict twice (n = 64) or three times (n = 31) over the 24-months, which may have limited a statistical power of the current analyses. Future studies with sufficient statistical power are needed to confirm our findings.
There are few limitations in our study. First, as mentioned earlier, given the bidirectional nature of couple relationship and depression outcomes, we are unable to draw causal relationship in our analysis. Second, couple conflict was measured based on the single self-reported question measuring frequency of arguing or being angry with the partner in the past 2 weeks. It is unknown if the couple conflict at baseline, 12 and 24 months was related to recurring problems or about new problems. We were also unable to examine other important components of couple conflicts, such as the intensity of the conflict or efforts to address such conflict as part of treatment. Collectively, these present limitation in conceptualization and measurement of an important dependent variable. Future studies may consider using a measure that assesses multiple dimensions of couple conflict. Third, data on significant changes in couple status such as divorce, separation, or death of spouse during the 24-month study duration were not collected, thus we were not able to examine how such changes impacted the couple dynamics and, ultimately, long-term depression outcomes.
The vast majority of IMPACT participants received both pharmacotherapy and counseling/psychotherapy. All patients had at least some psychotherapy such as behavioral activation and pleasant events scheduling as part of the care management component of the intervention, and more than 70% had at least some antidepressant management. The assignment of treatments such as psychotherapy or medications was not random (e.g., patients and providers decided on the use of medications, in part based on individual preferences and severity of depression) and these issues make it difficult to try and attribute differences in depression outcomes to various treatment components such as psychotherapy or medications. This is one of the limitations of a multicomponent intervention model such as IMPACT.
Despite aforementioned limitation, this study contributes to the literature significantly. We have identified an important predictor of poor late-life depression outcomes. In this large real world sample of depressed older adults from 18 primary care clinics, approximately 15 % of the participants reported frequent couple conflict more than once. These older adults experienced two or three more months of depression and in this context.
Given the findings of our analyses, it would be a worthwhile endeavor to examine if brief relationship- oriented treatments, such as interpersonal therapies (IPT) might further improve depression outcomes in older adults treatment for depression. Reynolds and colleagues (Reynolds et al., 1999) concluded that combined treatment of nortriptyline and IPT was superior to IPT and placebo. They also suggested that the combined treatment might lead to better efficacy over nortriptyline monotherapy. Recent meta-analyses (Martire and Schulz, 2007; Barbato and D'Avanzo, 2008; Martire et al., 2010) and clinical trials (Jacob et al., 1987; Bodenmann et al., 2008; Cohen et al., 2010) concluded that couples therapy approaches were as effective as individual psychotherapy in alleviating depressive symptoms and more effective than individual therapy in alleviating relationship distress. Providing intensive couples' therapies in primary a care settings may be challenging, but provider could assess the patient's preference for such therapies and refer patients with significant couple conflict to therapists experienced in working with couples, especially if patients do not improve with initial treatment in primary care.
Conclusions
Couple relationship quality is an important aspect of patients' ecological and social context. A failure to consider this important aspect of a patient's life can lead to poor depression outcomes. When treating late-life depression, providers should assess conflict with the spouse or partner, especially when there is no improvement after a period of evidence-based treatment.
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Key points
• Approximately 15 % of depressed older adults in primary care report having high-conflict couple conflict.
• Prolonged couple conflict is detrimental to depression outcomes among older adults
